Abstract: The single G8V active chromosphere star HD36705 (AB Dor) was observed at 8.4 GHz with the Parkes 64 m telescope during three observing sessions involving a total of 21 days in the interval 1985 December to 1986 February. Subsequent photometric observations were made of the star with the 0.25 m and 0.45 m telescopes of the Monash Observatory in 1986 March-April. Two strong radio flares, each lasting three days, were detected; they yielded peak radio powers of / ) !.4«4xlO'WHz"', comparable with the microwave power emitted by the RS CVn binaries. Significant circular polarization of 13% left-hand was measured on only one of the six active days. The 8.4 GHz flux density showed smooth variation over an interval of several hours, consistent with the flare source being partly occulted by the stellar disk as the star rotated. When all the radio data was phase-binned using the known rotation period of 0.514 day we found two radio maxima corresponding to radio sources at stellar longitudes ~180° apart. The subsequent photometric data showed intensity variations that were consistent with the starspots at the same approximate longitudes. We thus interpret our radio curve as showing the presence of comparatively small (<0.5 D t ) radio sources in the corona above the star spots. The upper limit to source diameter gives a peak brightness temperature ^2xl0 1 0 K, which can be achieved by gyro-synchrotron emission only if the source is optically thick and the electrons, with average energy ~ 2 MeV, have a hard energy spectrum. The observed radiation can be due only to very high harmonics of the gyro-frequency, leading to an estimate for the magnetic field strength of -30G.
Introduction
Late-type stars with strong Call emission lines are now generally recognized as candidates for strong photometric chromospheric and coronal activity. They exhibit many solar-like active features but in a much more extreme form; for example, in many cases they show a regular modulation of the photospheric continuum with a period of 0.5 to 20 days, a characteristic which has been generally attributed to the rotation across the stellar disk of large cool areas called 'starspots'. They also show strong variations in the chromospheric lines of Call and the Balmer series, Xray flares and microwave flares that can last for several days. Most of these stars have been identified as the sub-giant members of the close RS CVn binaries.
HD . 8, Dec. -65°29'19" (1950) was first reported as a strong late-type Call emitter by Bidelman and MacConnell (1973) and by Houk and Cowley (1975) . Pakull (1981) identified the star as the probable optical counterpart of a flaring X-ray source and in subsequent optical photometric measurements showed that it possessed RS CVnlike variability with a period of 0.51423 day, probably the shortest yet measured. AB Dor was first detected as a microwave source by Slee et ctl. (1984) and subsequent observations at Parkes showed that its emission varied from one observation to another.
The present paper describes a concentrated series of observations that were made at 8.4 GHz in December 1985 and January/February 1986. Observations of this star are important because it differs from the active stars in RS CVn binaries in being a rapidly rotating single star with the spectrum and colour indices of a normal G8V star (see e.g. Rucinski 1985; Innis et al. 1986 ). The aim of our experiment was to investigate the flux and polarization variability over several rotations of the star during flare activity. We describe the observing method and observations in Section 2; the results of our study are given in Section 3 and discussion and conclusions in Section 4.
The 8.4 GHz Observations
The observations of AB Dor were made with the maser receiver that had been installed on the 64 m telescope by the European Space Agency (ESA) for the Giotto fly-through of Halley's comet in March 1986. The system temperatures of the two channels of this receiver were ~ 25 K and they were connected to oppositely circularly-polarized ports on a feed horn located on the optical axis of the telescope. The bandwidth of each channel was 60 MHz and at 8.4 GHz the full 64 m aperture was effectively illuminated.
A full description of the radiometer is given in a companion paper (Nelson et al. 1986 ); here it is necessary only to summarize the properties that are important to this experiment. The absence of an offset reference beam meant that variations in sky transparency could not be cancelled out. We were however able to keep the effects of the independent gain variations in the two channels to a low level by radiating a high intensity pulsed noise signal into the feed horn from a small dish at the vertex -the sky signals were then referenced to this calibration in the software following the sampling of the channels.
In order to measure the source flux we moved the telescope in a wagging cycle, alternating between the source and an offsource position 4'.1 arc away in azimuth. One of these cycles took -60 s, and we usually averaged 25 such wags to obtain one estimate of flux density. The two oppositely circularlypolarized channels were recorded separately and later added and differenced to produce values of total flux and polarization fraction from the formulae:
where Si and S 2 are the flux densities for each polarized channel. Since the sky transparency contributions to Si and S2 are highly correlated it is not correct to estimate the standard errors in their sums or differences by pooling their separate mean square deviations -here it is necessary to find the standard errors in
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the quantities (S1+S2) and (S1-S2) separately. Under the clearest sky conditions we were able to measure a standard error of ~3 mJy in S1+S2 averaged over 25 wags. Flux and polarization calibration was made each day by observing Hydra A, which was assumed to have a flux density of 8.0 Jy and zero circular polarization. Our sensitivity limit for the detection of circular polarization was ~ 6% (3a) for a source with total flux of 60 mJy with averaging over ~ 150 wags.
3. The 8.4 GHz Results Figure 1 gives a general overview of the flux densities measured from AB Dor over the 74 days spanned by our observations. The points plotted are daily averages of Si + S2 together with their standard errors. We see that two major flares were detected, one in early December (JD 2446404/406) the other in mid-February (JD 2446475/478). The star was quiescent during our observing session in January (JD 2446438/452).
Figures 2 and 3 are examples of the flux variations seen on individual days, each plot covering about 0.35 day of the star's rotation period of 0.51423 day. It is clear that the changes take place smoothly and regularly with significant variation in times as short as 30 min. The gaps in the data are due to the fact that we sometimes experienced poor seeing or moved off to another star. Table 1 summarizes our daily averages for the flux density and polarization of AB Dor. We assessed the significance of our polarization measurements by subjecting the distributions of the oppositely circularly-polarized fluxes Si and S2 obtained from the concatenated wags on a particular day to the KruskallWallis ranking test (Hughes and Grawoig 1971) . The distributions for 1985 December 5 differed at the 99% confidence level and yielded a median polarization fraction of -0.13 ±0.04. Similar tests on all other active days yielded no additional cases of significant circular polarization. It is clear that, unlike many of the radio flares from RS CVn binaries, the emission from AB Dor is not generally highly circularly-polarized. The smoothly varying flux density on the four days for which we observed over intervals longer than 0.55 of the rotation period suggested that rotational modulation of the radio emission may have occurred. Such an effect would be expected if, for example, the radio source or sources were partly occulted by the stellar disc. To investigate this suggestion we made a superposed epoch analysis using the known rotation period. We first had to adjust the measured flux densities for the effects of changes in the general level of flare emission from day to day. We assumed that the 8.4 GHz power emitted by the source or sources remained constant during a daily observing session of up to -8.4 h. We also assumed that the sources remained relatively fixed in position and on average varied in emission strength together over the two-month interval of our observations. The adjustment for varying flare emission was made by multiplying the averaged fluxes from the individual sets of 25 wags for a particular day (such as those shown in Figures 2 and  3 ) by the ratio of the highest measured average daily flux to the average flux for that day (see Table 1 ). We omitted the measurements of 1985 December 5 because of their brevity. The adjusted flux densities were then binned and averaged at intervals of 0.1 in rotation phase. The binned flux densities, normalized to their highest value, are plotted against rotation phase in Figure 4 . The two error bars shown are the standard errors (a/jN) with N=6 in each bin. The interpretation of the double-peaked radio curve with a spacing of -165° between maxima is not as straightforward as it seems. If two sources were present in opposite hemispheres of the stellar corona, as the radio curve suggests, then the relative heights and widths of the peaks will depend upon the relative areas, thicknesses and brightnesses of the sources. Provided the lateral extent of the source greatly exceeds its thickness, the projected area of a source to the observer will decrease quite markedly as it approaches the limb, with a consequent decrease in flux density. Under these conditions the flux density will reach a maximum as each source passes the central longitude. The fact that the radio flux density never decreased below 40% of maximum indicates, we believe, that the sources are large enough in area that one or both sources are contributing flux even when centred near the limb. Some detailed modelling with more extensive data would probably permit a better estimation of source parameters; for the present we restrict ourselves to the conservative statement that the sources have diameters <0.5 D,.
Discussion and Conclusions
The fact that there is such a clear modulation of the observed flux during flares on AB Dor sets this star apart from the radioemitting RS CVn binaries. This difference is perhaps strengthened by the absence of consistent circular polarization of the type that is seen from the RS CVn HR 1099 (Bunton et al. 1986 ). The only significant detection of circular polarization (see Table 1 ) occurred between rotation phases 0.49 to 0.57 in Figure 4 . However, this phase interval was covered on three other active days without detecting the presence of polarization.
Before we can profitably discuss the characteristics of the microwave source,-it is necessary to establish the luminosity class of the star and-the inclination of its rotation axis to our line
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Sleeet. al. 315 of sight. These properties are discussed by Innes et al. (1986) , who conclude that AB Dor is either a normal main-sequence G8V star or perhaps a pre-main-sequence object. It is clear that the star is not a member of a close binary system and its high rotation rate precludes its membership of the giant or sub-giant luminosity classes. If AB Dor is a rapidly rotating but otherwise normal G8V star (as its UBVRI colours suggest) it can be assigned an axial inclination of 60° ± 10° and a distance of 15 to 18 pc (Collier Cameron et al. 1986a) .
Photometric observations were obtained in 1986 March-April with the 0.25 m and 0.45 m telescopes of the Monash Observatory. The rotational modulation in V light, which at times can be up to -15%, was very small, only slightly above observational scatter, and indicated the presence of four major spot groupings. Analysis of these and earlier photometric data on AB Dor and other similar stars (Innis, J. L., PhD thesis, in preparation) has shown that spot lifetimes can be of the order of two years or more, and also that the rate of drift of the spots relative to the average rotation period of the star can be accurately measured. This drift is almost certainly due to differential rotation.
For AB Dor this has allowed us to estimate the longitude distribution of the major spot groups at the time of the radio observations, by interpolating between a series of light curves obtained during 1984 November to 1985 February and the recent 1986 March-April observations.
The main peak in Figure 4 occurs at the longitude (phase) of one of the most dominant (darkest) spot groups on the star over the last year. Owing to differential rotations this spot group shifted in phase from -0.65 to -0.75 between 1985 December and 1986 February, which may account for the broad peak obtained. The secondary peak in Figure 4 occurs at the phase of what appears to be a new spot, which had not been seen prior to 1986 March-April. This spot appeared at phase ~0.3 in March-April. Assuming a similar differential shift to that of the main spot we see that this new spot would have been at the same phase as the secondary peak in the radio curve.
The two other spots would have been near phases 0.5 and 0.9 at the midpoint of the radio observations. There is no suggestion in Figure 4 of associated radio emission in these cases. However, as was shown by the null observations of AB Dor at 8.4 GHz in 1986 January, the radio emission is variable. In addition, it seems very likely that spots show both quiescent (stable) and active stages, which may in turn relate to the production of the microwave flux. This may provide an interpretation for the lack of radio emission associated with these two spots, as they may have been observed during a quiescent phase.
The assumption that the microwave sources are located in the corona above the photospheric starspots, and are inherently associated with them, is consistent with these observations. Our present observations permit us only to place an upper limit to source diamter of -0.5 D". Using the colour indices of Collier Cameron et al. (1986b) in the Barnes-Evans surface brightness calibration (Barnes et al. 1978) , we derive an angular diameter for AB Dor of D t = 0.6±0A milliarcsecond. The Rayleigh-Jeans approximation then yields a brightness temperature of 7b^2 x 10 10 K for a source ^0.5 D, at the flare peak on 1985 December 5. The 8.4 GHz radio power at this time can be estimated by using a distance of 20 ± 5 pc (Innis et al. 1985) as P 8 .4 = 4 x l 0 9 W H z " 1 . Hence the sources responsible for these flares emit approximately the same microwave power that is measured during most flares on the RS CVn binaries; however, because the angular diameters of the sources on AB Dor are probably considerably smaller than the sources associated with RS CVn binaries, the former have correspondingly higher brightness temperatures.
It is difficult to derive firm values for the particle density, energy distribution and magnetic field in the microwave sources. We do not have the radio spectrum that could determine with certainty whether the source is optically thick or thin at 8.4 GHz. However, the derived brightness temperature of 7b = 2x 10 10 K is at the upper limit for gyro-synchrotron emission (Dulk 1985a, b) , so that it would be reasonable to assume that the source is optically thick. Our low values for polarization fraction (-0.13 at the flare peak of December 5 and undetectable on other days) is consistent with that expected at high harmonics of the gyro-frequency from a power-law distribution of electrons with average energy -2 MeV. From figure 3(c) of Dulk (1985a) brightness temperatures of 10 10 K are obtained ony if the powerlaw index of the electron energy distribution is ^ -3 and the ratio of the observing frequency to the gyro-frequency, V/VB, is 100. Assuming that these parameters apply to the flare peak of December 5, we derive a magnetic field in the 8.4 GHz source of 5 = 30 G.
Further observations of AB Dor are obviously important for our understanding of rapidly rotating single stars that are approaching the main sequence. If 2 MeV electrons are indeed present in its lower corona then the same distribution of fast electrons should produce a detectable hard X-ray flux; this may be caused (as is believed for the solar flare) by bremsstrahlung when fast electrons precipitate into regions of high density at the foot-points of the set of magnetic loops in which the microwave source is probably located. It is thus important to obtain simultaneous hard X-ray and microwave observations of the stellar flare. It would also be important to observe over a decade of frequency (say 2-20 GHz) in order to define better to optical thickness of the source. Of course, a photometric light curve taken within a month or two of the radio and X-ray observations would be valuable for studying the spatial relationship between photospheric activity and coronal flare sources.
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